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FREEZING UNDER ELECTRIC FIELD



ELECTRIC FIELD APPLICATION

External electric field applied to a real medium   a current flows 
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CFD EVALUATION OF EFFECTIVE ELECTRIC FIELD IN THE SAMPLE (comsol)

Dielectric permittivities : air = 1, container (plastic) = 3.6 and water = 80
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1 cm PLASTIC (CONTAINER)

PELETIER ELEMENT (Metalic surface)

8 cm x 8 cm8 cm x 8 cm

Effects of an electrostatic field on ice nucleation 
Michel Havet, Marta Orlowska & Alain LeBail - BFE 2009 - Compiègne, France, October 22-23  2009
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Experimental procedure:
1. pre‐cooling of the water sample (1.6 ml) at 1 °C
2. calibration of the optical fiber
3. cooling of the sample up to ‐16 °C under applied 
high voltage conditions

Voltage (kV) Electric field   (V/m)
0 0
2 1.0 × 106

5 2 5 × 1065 2.5 × 106

10 5.0 × 106

12 6 0 × 10612 6.0 × 10



Temperature profiles obtained 
under different electrostatic field conditionsunder different electrostatic field conditions

WATER

=> 1.0×106 V/m
=> 2.5×106 V/m
=> 5.0×106 V/m
=> 6.0×106 V/m



ELECTROFREEZING: PORK MEAT

NO FIELD

12 kV
6 106V/m6.106V/m

100µm

Ref: Le‐Bail et al. Unpublished 
MSc THIAM – ONIRIS – 2011



ELECTROFREEZING: PORK MEAT

Figure  
Micrograph images of frozen pork tenderloin transversal cuts under different magnitude static 

electric fields. (a) Fresh meat, (b) 0 kV, (c) 3 kV, (d) 6 kV, (e) 9 kV, (f) 12 kV.
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